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WHAT IS CLAIMED IS: 

A nonvolatile semiconductor memory device 
c^^mprislng: 

a memory cell region composed of a memory 
cel^ array comprising a plurality of memory cells 
arranged as a matrix, each of said memory cells 
compnising first MOS field effect transistors each 
havinov a first well region formed in a semiconductor 
substrate, a first diffusion layer formed in said first 
well region and designed to function as source and 

\\ 

drain, ay^floating gate formed on said well with the 
interpositiion of a tunnel dielectric film, and a 



control gaWe fo 



interposition 




above said floating gate with the 
interpoly dielectric film, and 



ijyheral circuit region having disposed 



therein a pliirality of second MOS field effect 



transistors, dach unitary transistor having a second 
well region fomaed in a semiconductor substrate, a 
second diffusiom layer formed in said second well and 
designed to funcmon as source and drain, and gate 
electrodes formed yon said second well with the 
interposition of aVgate insulating film, 

wherein isolation between said plurality of 
second MOS field effect transistors is effected by 
shallow groove isolation method, and at least one of 
said gate insulating f^lms of said plurality of second 
MOS field effect transi\stors comprises a first 
insulating film depositdk on the semiconductor 
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^substrate ♦ 

The memory device according to claim 1 
wn^rein the first insulating film is a silicon oxide 
f i: 

3, \\ The memory device according to claim 2 

wher^^in nitrogen is introduced into the silicon oxide 
film, 

4 . \\ The memory device according to claim 1 
whereinVthe interpoly dielectric film comprises a 
second d^^posited insulating film which is substantially 
equal to ^^aid fMfet insulating film in thickness, 
5, \The meidbry device according to claim 4 

^irl!t an 



wherein said 



and second insulating films are a 



silicon oxiii3-e\\&ilm, 

6. Th\p memory device according to claim 5 
wherein nitrc^gen is introduced into said silicon oxide 
film, 

7. The ri^emory device according to claim 6 
wherein the nitrogen concentration in said second 
insulating film is higher than that in the first 
insulating film, v 

8. A nonvolatile semiconductor memory device 
conifer i sing: 

a memory c%ll region composed of a memory 
cell array comprising\\a plurality of memory cells 
arranged as a matrix, %ach of said memory cells 
comprising first MOS fi'^ld effect transistors each 
having a first well region formed in a semiconductor 
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siJbstrate, a first diffusion layer formed in said first 
wem region and designed to function as source and 
drai\, a floating gate formed on said well with the 
interposition of a tunnel dielectric film, and a 
control^ gate formed above said well with the 
interposition of an interpoly dielectric film, and 

a peripheral circuit region provided with 
second MOS\\field effect transistors each having a 
second well\\region Jbjrmed in the semiconductor 
substrate, a\\secon:d /diffusion layer formed in said 
second well regiq signed to function as source 

and drain, andVyfirst gate electrodes formed on said 
second well witn the interposition of a first gate 
insulating film,\\and third MOS field effect transistors 
each having a thiM well region formed in the 
semiconductor subsWate, a third diffusion layer formed 
in said third well Aegion and designed to function as 
source and drain, anA second gate electrodes formed on 
said third well with t^he interposition of a second 
insulating film which ^s greater than said first gate 
insulating film in thickness, 

wherein isolatibn in said peripheral circuit 
region is effected by shaL^ow groove isolation method, 
and said second gate insulating film comprises a first 
insulating film deposited on\\the semiconductor 
substrate . 

9, The memory device according to claim 8 

wherein the first insulating fi% is a silicon oxide 



? 

p 
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'ilm. 

The memory device according to claim 9 
wherein nitrogen is introduced into the silicon oxide 

f ilmi\ 

11. \\ The memory device according to claim 8 
wherein^each of the interpoly dielectric film and the 
first gane insulating film comprises a second deposited 
insulating film, 

12, 'i\he memory device according to claim 11 
wherein botl4 of the fj^st and second insulating film 
are a silicor^ oxide //tijrm. 
13. 

wherein nitrogen ife-^introduced into the silicon oxide 
film. 

14. The memory device according to claim 13 

wherein the nitrogen concentration in the films is 
higher in the order of interpoly dielectric film, first 
gate insulating film and second gate insulating film. 



The Y|nemo/y ^d^^icp according to claim 12 



.w 



15. A nonvolatx^le semiconductor memory device 

comgjrising : 

a memory cell region composed of a memory 
cell array comprising a^lurality of memory cells 
arranged as a matrix, each memory cell comprising first 
MOS field effect transistors each having a first well 
region formed in a semiconouctor substrate, a first 
diffusion layer formed in sa^d first well region and 
designed to function as sourc"^ and drain, a floating 
gate formed on said well with t^he interposition of a 
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nel dielectric film, and a control gate formed above 
fi floating gate with the interposition of an 
rpoly dielectric film, and 

a peripheral circuit region having disposed 



therjein a plurality of second MOS field effect 
transdstors, each unitary transistor having a second 
well \-egion formed in the semiconductor substrate, a 
second\ diffusion layer formed in said well region and 
designed to function as source and drain, and gate 
electropes form^et^ on said second well with the 

\ 

interpoajdtion pf fa gate insulating film, 

/ n 

whereii^^^^^olation between said plurality of 
second M^S fi(el^ effect transistors is effected by 



shallow groove isolation method, and at least one of 
said gate insulating films of said plurality of second 
MOS field effect transistors comprises a first 
insulating film formed by thermally oxidizing the 
semiconductor\,substrate and a second insulating film 
deposited on said first insulating film. 

16. The memory device according to claim 15 
wherein the firs^ insulating film is smaller than the 
second insulating yfilm in thickness. 

17, The memory device according to claim 15 
wherein the second insulating film is a silicon oxide 



film. 
18. 



The memory device according to claim 17 



wherein nitrogen is introduced into the silicon oxide 



film. 
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The memory device according to claim 15 
wherein the interpoly dielectric film comprises a third 
deposited insulating film which is substantially equal 
to tn^ second insulating film in thickness, 

20. \\ The memory device according to claim 19 
whereinwthe second insulating film and the third 
insulating film are each a silicon oxide film. 

21. \The memory device according to claim 20 
wherein nit^rogen is introduced into the silicon oxide 
film. 

22. The memory d^^ce according to claim 21 
wherein the nitrogen ^(Sq^centration in the third 
insulating film\is h^gfijer than that in the second 
insulating film. ^ 

23. \^ A nonvoi^atile semiconductor memory device 
comprising; 

a memory cell region composed of a memory 
cell array comprising^ plurality of memory cells 
arranged as a matrix, ^ch memory cell comprising first 
MOS field effect transistors each having a first well 
region formed in a semiconductor substrate, a first 
diffusion layer formed in\aid first well region and 
designed to function as sou^e and drain, a floating 
gate formed on said well with the interposition of a 
tunnel dielectric film, and a\^ontrol gate formed above 
said floating gate with the int^erposition of an 
interpoly dielectric film, and 

a peripheral circuit re<^ion provided with 
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second MOS field effect transistors each having a 

icond well region formed in the semiconductor 
sixn^ a second diffusion layer formed in said 

second well region and designed to function as source 
and drain, and first gate electrodes formed on said 
second\\well with the interposition of a first 
insulating film, and third MOS field effect transistors 

\\ 

each havijng a third well region formed in the 
semiconductor substrate, a third diffusion layer formed 
in said thi\rd well ^^on and designed to function as 




source and drain, /an^ second gate electrodes formed on 



said third weul ^i^[l^tj^ interposition of a second 
insulating filiii Which is greater than said first gate 
insulating film^n thickness, 

wherein isolation in said peripheral circuit 
region is effected by shallow groove isolation method, 
and the second insu^lating film comprises a first 
insulating film formed by thermally oxidizing the 
semiconductor substrate and a second insulating film 
deposited on said ^i^^t insulating film. 

24. The memory device according to claim 23 
wherein the second msu^.ating film is a silicon oxide 
film. 

25. The memory device according to claim 24 
wherein nitrogen is introduced into the silicon oxide 
film. 

26. The memory device according to claim 23 
wherein the interpoly dielectric film and the first 



-Se- 
agate insulating film comprise a third deposited 

isulating film which is substantially equal to the 
sexsiond insulating film in thickness. 

27. \\ The memory device according to claim 26 
wherean the second insulating film and the third 
insulating film are both a silicon oxide film. 

28. V, The memory device according to claim 27 
wherein n^itrogen is introduced into the silicon oxide 
film. 

29. T^e memor^^-^^vice according to claim 2 8 
m wherein the ^nitrogen concentration in the films is 

\ / /I 

higher in thev orde]^ dielectric film, first 

gate insulating %j/lm and second gate insulating film. 

30. The memory device according to claim 23 



wherein the interpoly dielectric film comprises a third 
deposited insulating film which is substantially equal 
to the second insulating film in thickness. 



31. The memory device according to claim 30 
wherein the second insulating film and the third 
insulating film are a silicon oxide film. 

32. The memory\device according to claim 31 
wherein nitrogen is introduced into the silicon oxide 
film. 

33. The memory devi;ce according to claim 32 
wherein the nitrogen concentration in the interpoly 



dielectric film is higher than that in the second gate 
insulating film. 

A process for producing a nonvolatile 

\ 
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Semiconductor memory device comprising a plurality of 
m^ory cells each having a floating gate formed on a 
semiconductor substrate with the interposition of a 
tunri^l dielectric film and a control gate formed on 
said floating gate with the interposition of an 
interpoly dielectric film, and a plurality of field 
effect transistors each having gate electrodes formed 

W • • 

on the semiconductor substrate with the interposition 
of a gate\\ insulating film, said process comprising the 
steps of: 

forming' f shallow groove isolation region on 




a semiconductor siA^ife^fate; 

foiotiing a tunnel dielectric film on the 
semiconductor s^^bstrate surface in said memory cell 
formed region by\ thermal oxidation method, 

deposit^ing a first polycrystalline Si film 
which becomes said\ floating gate, and then removing the 

A 

first polycrystalline Si film in said field effect 
transistor formed regions- 
depositing a first silicon oxide film which 

becomes the first portipn of said gate insulating film, 

\\^ 

and then removing the first silicon oxide film in said 

V\ 

■■A 

memory cell formed region; 

depositing a secbnd silicon oxide film which 

becomes said interpoly dielectric film and a second 

A 

portion of said gate insulating film; and 

depositing a second polycrystalline Si film 



which becomes said control gate and said gate 
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-ectrodes , 

35\ The process according to claim 34 wherein in 

thexvfourth and fifth steps, the first and second 
silicbn oxide films just after deposition are annealed 
in an ^H3 atmosphere and further subjected to wet 
oxidation. 

36, \\ The process according to claim 34 wherein in 

the thirduand sixth steps, the first and second 
polycrystavLline Si films are doped with phosphorus. 
37\. ^process fo/^joducing a nonvolatile 

seno'conduct^or memory /devj^ce comprising a plurality of 
memory cells \each h^virit" a floating gate formed on a 
semiconductor \i5ubst{;race with the interposition of a 
tunnel dielectlaic film and a control gate formed on 
said floating gate with the interposition of an 



film, and a plurality of field 

\\ 

effect transistorsAeach having gate electrodes formed 



interpoly dielect. 



on the semiconductdr substrate with the interposition 
of a gate insulating\ f ilm, said process comprising the 



steps of: \\ 



\\ 

forming a sha^llow groove isolation region on 
the semiconductor substrate; 

\\ 

forming a tunnel dielectric film on the 
semiconductor substrate surface in the memory cell 

formed region by thermal oxidation method; 

\\ 

depositing a f irst\ polycrystalline Si film 

\\ 

which becomes said floating g^e, and then removing the 
first polycrystalline Si filmVn said field effect 
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transistor formed region; 

forming a first silicon oxide film, which 
becomes a first portion of said gate insulating film, 
on \he semiconductor substrate surface in the field 
effe\: transistor formed region by thermal oxidation 
method^ 

depositing a second silicon oxide film which 
becomes "^aid interpoly dielectric film and a second 
portion oW said gate insulating film; and 

epositing a^second polycrystalline Si film 
which becom^^s said ^or^rol gate and said gate 

electrodes. \\ / 
38. TheVproctesfe according to claim 37 wherein in 



the fifth stepV^ the second silicon oxide film just 
after its deposition is annealed in an NHj atmosphere 
and further subjected to wet oxidation. 
39, The process according to claim 37 wherein in 

the third and sixth^steps, the first and second 
polycrystalline Si ^^i 1ms are doped with phosphorus. 
4x0 A process for producing a nonvolatile 

V \\ 

semiconductor memory device comprising a plurality of 
memory cells each havina a floating gate formed on a 
semiconductor substrateVith the interposition of a 
tunnel dielectric film ari<i a control gate formed on 
said floating gate with the, interposition of an 
interpoly dielectric film, and a plurality of field 
effect transistors each having gate electrodes formed 
on the semiconductor substrate\with the interposition 
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insulating film, said process comprising the 

sf 

forming a shallow groove isolation region on 
-conductor substrate; 

depositing a first silicon oxide film which 
first portion of said gate insulating film, 
removing said first silicon oxide film in the 
memory c^\ll formed region; 

\forming a tunnel dielectric film on the 

\\ 

semiconductor substraj;^ surface in the memory cell 
formed region and f6ri#Lng a second silicon oxide film 



which becomes^ a second portion of said gate insulating 

\' / A 

film between saic| s^mre6nductor substrate in the 
transistor formed region and said first silicon oxide 
film, both by thermal oxidation method; 

depositing a first polycrystalline Si film 
which becomes said floating gate and said gate 
electrodes; 

depositing a third silicon oxide film which 
becomes said interpoly dielectric film; and 

depositing a second polycrystalline Si film 
which becomes said control gate. 

41. The process according to claim 40 wherein in 
the second and fifth steps, the first and third silicon 
oxide films immediately after their deposition are 
annealed in an NH3 atmospheire and further subjected to 

wet oxidation. \\ 

\\ 

42. The process according to claim 40 wherein in 



the \ou:^h ymnd, sixth steps, the first and second 
polycr\ylfe^line Si films are doped with phosphorus, 



